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ABSTRACT

Fruit bagging is a simple method used to protect fruit from pests and diseases. It is
popular among backyard gardeners in Asia and there is an increasing interest in the United
States, especially in regions with warm and humid climates where pests and diseases thrive
(Gorsuch and Scott 2020). Two different surveys were created and conducted two consecutive
years (2019 and 2020) using Survey Monkey. Separate surveys were sent out: one was for
assessing consumer perception at farmer’s markets in South Carolina, Georgia and Florida, and
the other was for evaluating bagging success among backyard growers across the nation. Each
survey consisted of a few specific questions regarding the fruit bags, success rate, previous
knowledge, consumer preference and demographic information. In response to consumer interest
in composting and reducing overall waste, an experiment on composting the used fruit bags was
conducted at Clemson Compost Facility with the primary objective being to develop a way to
compost these used bags to prevent landfill waste. It was evident from the consumer market
surveys that each state held a slightly different view on bagging peaches and consumers were in
fact willing to pay extra for both organic and bagged peaches. Since there was an interest in
purchasing the fruit bags by backyard growers who experimented with them in their orchards, we
saw this as an opportunity for citizen-science research. The backyard growers survey revealed
that the majority of respondents were located in the southeastern United States. For many of the
backyard growers, using the fruit bags seemed to increase their peach harvest and many noted
they would use the bags again. However, growers that did not spray any fungicide/pesticide
before bagging reported more fruit losses. Decomposition of the used fruit bags was almost
complete after twelve weeks in either treated pile, while the control showed no significant
changes throughout the entire cycle.
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CHAPTER ONE
LITERATURE REVIEW

Characteristics and Importance of the Peach Tree. The peach (Prunus persica (L.
Batsch) is a small tree bearing a juicy and edible fruit (peach or nectarine), which is sometimes
referred to as a stone fruit or drupe with a single large seed (endocarp) or pit in the center of the
flesh (mesocarp) (Rodriguez et al. 2019). This crop is thought to have originated from Northwest
China, in the region between the Tarim Basin and the Kunlun Mountains in what is estimated to
have been 6000 B.C. An early cultivated peach was found in Japan in 4700 years B.C. which
was possibly imported from China. Later the peach was found in 1700 B.C. in India, and then in
Greece by around 300 B.C. The practice of cultivating peach trees finally made its way to the
Americas by the Spanish during explorations in the 16th and 17th centuries and eventually to
North American cultivation (Sue et al. 2015). Peaches have become such a standard crop in the
Southeastern United States, historical markers reside on peach farms throughout the south such
as Peaches N’ Such located on Watsonia Family Farm outside Ridge Spring, SC (Watsonia
2020). The peach tree is deciduous and can be grown in fairly dry, continental and temperate
climates. Additionally, peach trees must meet the necessary chill hours each winter in order to
bear fruit. Most varieties require around five hundred total cumulative chill hours at 0 to 10 °C
(32 to 50 °F) although there is variation among different varieties in distinct climates (Okie and
Blackburn 2011). During the winter months, the peach tree is in the first phase of dormancy.
Once chill hours are met, trees move to a second dormancy called quiescence during which buds
will break and blooming begins (Beauvieux et al. 2018). In addition to the chilling hours
requirement, moderate spring temperatures, and a suitably dry climate, peach trees also need a
warm summer to produce the crop with average temperatures between 20 and 30 °C (68 and 86
°F) (Mara et al. 2002).
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The flesh of the peach can either be white or yellow (Brandi et al. 2011) accompanied by
a floral scent, encased in either pubescent (peach) or smooth skin (nectarine). Peaches and
nectarines have soft flesh, and can be damaged or bruised easily, making it a challenge to market
and ship. As a result, some commercial varieties have been developed to ripen and remain firm,
while most other varieties are picked earlier, which is commonly known as commercial ripeness.
This allows the fruit to be transported to market without becoming bruised or damaged (Gradziel
and Marchand 2019). To date, there are over two thousand different cultivars which have been
bred and adapted to particular environments. These can be sub-divided into two groups: clingstone and free-stone, meaning the flesh either clings to the stone or seed or is can be removed
easily from the seed (New World Encyclopedia 2020).
There are several pests and diseases that plague different parts of the peach tree and the
fruit itself. A few of which are blossom or twig blight, brown rot disease and plum curculio.
While blossom or twig blight just affects the flowers and twigs, brown rot and plum curculio
affect only the fruit. As for the tree diseases, Armillaria root rot and bacterial canker are the most
aggressive at least in Southeastern orchards (University of Florida Extension 2018). Generally,
the more humid the climate, the more pests and diseases that attack the tree and or fruit (Ritchie
2000).
Both fungicide and pesticides are heavily applied to the crop each season to prevent
major crop loss. In fact, and especially in the Southeastern United States, the use of fungicide
and pesticide usage on peach fields has become a common practice which has led to a reliance
on chemical agriculture and a dependency on synthetic sprays and field amendments. This
agricultural practice has allowed for the successful and reliable production of fruits and
vegetables available at markets nationwide. However, it has also been linked to soil and
2

groundwater pollution. Bazzoffi (1999) found that both peach orchards and vineyards run the
risk of losing both topsoil and nutrients. Their solution was to grow grass in between the rows of
trees or vines which reduced the amount of soil and nutrients lost by more than 80%. This is not
true for every monoculture or every peach farm, but it is common theme among large scale
agricultural operations and measure must be taken to protect the land and groundwater from
unsustainable horticultural practices.

Peach Production Worldwide and in the United States. According to the United States
Department of Agriculture, (2019) China currently produces the majority of peaches consumed on
the global scale. The European Union ranks second, and the United States follows as the third top
producer of peaches globally. On a national scale, of the fifty states, only twenty grow peaches
commercially and of those twenty, the top four in order of highest production are: California, South
Carolina, Georgia and New Jersey. California produces more than fifty percent of the peaches
grown in the U.S. and this industry is valued at $599 million annually (AgMarc Resource Center
2019) and in fact, in 2017, up to forty-five percent of the total peach production was sold as fresh
fruit which left about fifty-five percent that was processed. Around eighty-three percent were
eventually canned, seventeen percent frozen, with the rest being sent to a diversion market. In the
Southeastern region, peach production is very important to the state and local economies. Although
far less than half the production of peaches comes from the southern states, this industry alone
employs or finances many aspects of life in small rural towns. Peach producers in the south seem
to be in constant competition with one another to produce the juiciest, sweetest, most beautiful and
easy to ship peach possible (Lombardo 2018).
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The Global Use of Fruit Bags. This practice of fruit bagging has been used in China, Japan,
Australia and the United States for fruits such as peach, apple, pear, grape, and loquat cultivation
(Sharma et al. 2014). The use of paper fruit bags has also been studied by (Campbell 2019) who
measured fruit quality of bagged peaches and later determined that fruit bagging successfully
protected from several pests and airborne diseases. While fruit maturity was slightly delayed, this
practice was widely successful in Florida, and various locations across the U.S.
Researchers at Clemson University have found that fruit bags, when used properly, can
help produce high quality fruit with very little insecticide inputs (Allran et al., 2019). Since this
horticultural practice is relatively new in the U.S., more research is necessary in order to find out
the viability of the bags on each crop throughout the next couple of decades. Another important
factor is bringing the fruit that has been grown in bags to market. Little to no consumer studies are
known to have been conducted regarding the acceptance or reaction to fruit grown in bags.
As for the backyard grower, little is known about the various methods that individual
backyard growers may have implemented, although the horticultural practice of covering fruit with
pantyhose, socks and plastic bags to name a few, has been of increasing interest especially during
more times such as during quarantine and the panic planting (Pierre-Louis 2020) and should these
trends continue, pandemic or not, the use of paper fruit bags may be of increasing interest to
backyard growers. One study done by the University of Kentucky Extension Service (Bessin and
Hartman 2003) showed that the homeowners or hobbyists found fruit bagging to be a new
alternative to pest management. Similarly, (Bush and Ophardt 2014) found that homeowners in
Washington state faced many pests and airborne diseases which made it difficult for backyard
growers to successfully grow their fruit. In this case, apples were bagged and successfully deterred
most of the pest and disease pressure that year. (Chen et al. 2012) conducted a comprehensive
4

study of the phenolic compounds found in the skin and flesh of apples that had been bagged
compared to apples that had not been bagged. Overall, the bagged fruit show a decrease in
phenological compounds but this varied depending on the variety of fruit tree. One very interesting
study was conducted by (Jia 2004) that measured the aroma volatiles of a bagged peach. Results
suggested the bagging increased fruit flavor through the increase in aroma volatiles that occurred
when maturing inside the fruit bag.

The Progression of Organic Agriculture. In the United States, there are now large acre
farms which produce the majority of food and fewer, small acre farms that produce specialty crops
for niche markets. In the last century, there has been development in modern mechanical
agriculture commonly called Information Technology Communication or ITC (Walter et al. 2017)
which represents new tools such as drones or other inventions run by technology to improve
agriculture. An array of apps on smart phones are now available and able to track the progress of
crops using cameras, satellites, irrigation controls and more. This method of agriculture is
producing more than enough food for Americans and many developing countries across the globe
are growing, shaping their agriculture after America’s example. As large-scale agriculture, or
monoculture, has taken hold of most of today’s food supply in the United States (LaCanne and
Lundgren, 2018), and many small-scale farmers are marginalized and have no choice but to close
their operations. Conventional agriculture has the capacity to produce more than enough food, and
this model allowed for convenience, access and prices of food to be dropped. However, it also
made it very difficult for local, artisanal, or specialty producers to compete with and as such the
market for local and organic foods declined. Because of the boom of commercialism and
conventional agriculture, farmers now receive only a fraction of the dollar on common food items
such as eggs, milk and wheat On average, farmers receive $0.93 for eggs that cost $2.29 retail,
5

$1.78 for milk that sells for $3.89 and $0.11 for wheat that sells for $3.79 (USDA 2020). A more
specific example comes from (USDA 2018) where the recorded market value for a peach in 2016
was $1.78 and the farm only saw $0.58 of that value. This is a clear example of how little return a
farmer may see on their product in the twentieth century.
Organic agriculture in particular has high production costs which drives the cost of organic
fruits and vegetables up (FAO 2020). In most cases, organic food is more expensive which
automatically eliminates a certain portion of the population from regularly buying. Even though
the cost of organic agriculture is higher than conventional farming and in turn more expensive for
the consumer, it may be a more holistic approach to farming and perhaps healthier for consumers.
A study by (Mie et al. 2017) conducted a review on existing evidence of organic food on human
health. According to this comparison, there seem to be obvious benefits correlated with organic
farming for human health, animal welfare, food security and ecological protection. However,
conventional agriculture is what has allowed societies to reliably cultivate a surplus of food and
decrease food insecurity. This debate is analyzed by (Shennan et al. 2017) which encompasses an
in-depth study of sustainability goals and socially philosophical categories of thought regarding
regenerative and organic agriculture.
According to (Rader et al. 1985) organic peach production cost more than conventional
peach production but was later made up for at markets where higher prices were collected for the
organic peaches. More research on organic peach production in the U.S. is necessary to make
market claims. However, the United States Department of Agriculture (USDA 2019) officially
valued the nation’s peach production at just over five hundred million dollars. Although this value
has been in slight decline in the past decade, and only includes conventional peach production, this
is still a large sum, pointing to the importance of the industry. As for the Southeastern peach
6

production, on average, the region produces around thirty million peaches annually (UGA 2019),
and while Georgia is culturally known as the peach state, in 2018, South Carolina produced
precisely 54,600 tons of peaches compared to just 25,000 tons from GA that year. Still, California
outranks both, weighing in at 510,000 tons of peaches produced in 2018 (Simon 2018). In other
words, California still owns the title for most amount of peaches produced, but SC comes
impressively close considering the respective sizes of states and land dedicated to peach
production. The total amount of acreage dedicated to peach production by state has been
fluctuating nationwide in the past decade (Mendoza and Quist 2019). There could be a correlation
between market demand, total acreage in peach production, and tons of peaches produced
annually. Organic peach production is not as widely practiced, for example, there are just two
certified USDA organic peach farms, or commercial peach farms who have organic acreage for
organic peach production in all of SC; Watsonia and Titan Farms.
There is increasing consumer interest in not only organic produce, but environmentally
friendly products. There is both a local and national social movement going taking place with the
main concern being over the natural resources we all share. The Natural Resource Conservation
Service or (NRCS 2020) promotes farmers to convert their land to organic agriculture or at the
very least to promote best land practices such as resource management to any and all farmers who
wish to make the transition. There is sponsorship, therefore endorsement for farmers to cultivate
organic methods of farming which was not the case even fifteen years ago. This represents a small
change that has resulted in an increased amount of organic products on the market today.

Consumer Preference and Market Types. The relationship people have with their food is
dependent on many variables; culture, access, cost, popularity, location, and education to name a
few. Andreatta and Wickliffe (2002) explain how a farmer’s market is not only a place to buy food,
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it becomes an integral part of community life, wherein farmers and consumers once again are in
contact with each other and true community bonding is supported and can thrive. This cultural
shift has spurred restaurants to feature local produce and meats in their meals, an increase in
participation of open air state farmer’s markets, road side stands, community supported agriculture
CSA’s and even online organic farmer’s markets (Matthews 2016). Consumers around the world
shape the agricultural market, while the circumstances of the economic viability and stage of
market growth of respective countries drives the habits of the consumer. This new world of
organics has not replaced conventional agriculture, in fact it relies on the backbone of mechanical
farming to produce enough food so that consumers might have the option of local and organic
foods. However, ensuring the resilience of food systems has been found to reduce the food
insecurity experienced by those who are marginalized socially and financially (Schipanski 2016).
In 1976, the Farmer-to-Consumer Act was passed by Congress which stimulated and
provided assistance for direct marketing in all fifty states (Sommer et al. 2005). This funded the
building and maintenance of public farmer’s markets or other gathering spaces for communities to
exchange food. Brown (2001) suggested that there was another growth phase for farmer’s markets
which occurred in the 1980’s of which is still growing nearly forty years later. The recent demand
for locally and organically grown food has resulted in a six percent increase from years 2014-2016,
in the total number of registered farmer’s markets in the USDA’s National Farmers Market
Directory (USDA 2016). Saturday morning Farmer’s Markets have recently become trendy and a
common place to go and buy local food. Rice (2015) found that buying locally and organically
produced food is closely associated with people who have a higher level of education, a disposal
income, above $60k/year and the extra time that is needed to prepare these foods into wholesome
and nutritious meals. Historically, once the demand to produce enough food was met, local,
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organic and artesian foods became higher demand and as a result, sustainable farming or
regenerative agriculture is now practiced across the U.S. (Carlisle et al. 2019).
Haene et al. (2019) refer to demand seasonality and placed based when talking about
consumer preference for certain foods at different times of the year and among diverse cultures,
which reflects on the traditions people of a specific region may share or are passing on to the future
generations. For example, in the southeastern United States, on New Year’s Day it is common to
eat collards and black eyed peas. Every fall, southern farmers plant collards and peas so that by
New Year’s they will be able to market their produce to consumers who expect to eat that staple
and traditional food. In many cases, consumers have the luxury of only thinking about collards and
black eyes peas at the earliest just one week before they will buy and prepare a meal. Farmers, on
the other hand, will have had to clear the land or add soil amendments the previous spring or
summer, purchased or even saved the seeds, and planted before the first frost, all to cultivate the
collard crop until early winter. For the farmer to continuously meet the demands of the consumer,
they must think ahead and pay close attention to the previous year’s market trends. Wood et al.
(2014) shows research from in-depth interviews on farmers linking the importance of exchanging
knowledge. Smaller scale agriculture may be challenging in more ways than one, but a benefit is
that farmers are able to build relationships with the consumers and thereby plant what their
particular niche of consumers would like, even if they have to wait for the next growing season.
The sustained lack of consistent research and classification of most farmer’s markets has
resulted in a tremendous loss of data and knowledge. Because this is a social trend, and due to the
lack of farmer’s market data, there is not a guaranteed way to predict its stability into the future.
In the last thirty years there have been numerous agricultural innovations worldwide, while at the
same time, the gap in the distribution of wealth, technology and food has widened (Elferink and
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Schierhorn 2016). A sustainable future for all people must include a combination of conventional
and regenerative farming practices, along with clean and safe places for farmers and consumers to
so that the buying and selling of local foods can continue. Technology may play a key role in
adapting the current food distribution system in the future.

Significance and Broader Impacts. Block Chain Technology or BCT (Leible et al. 2019) is
a modern way to gather data on consumer trends and it tracks every single item from field to
distributor to grocery store and the packaging that encases each product. This was originally
developed for food safety and transparency, but the same technology can also be applied to the
consumers for every item they buy, whenever they buy it. This is a tremendous amount of
information and it is somewhat controversial since this type of data collection falls in the grey area
between privacy breach and customer knowledge. While BCT is helpful on a large scale for
grocery stores, it has little to no value in regard to small scale farming and local food markets. At
the local and small scale, an individual, short anonymous survey could tell the farmer who their
consumers are, their age, education level, economic status, their likes and dislikes of the food or
product, and future preferences. Surveys can be a simple way for the consumer and the farmer to
open an avenue of communication that has otherwise been shut down by middlemen and large
corporate sales. Gary-Webb et al. (2018) conducted a survey on the availability and access of
vegetables in attempt to understand food distribution and its potential flaws within a certain
community. Results of localized consumer-based surveys provide valuable information to growers
or producers in that particular region.
According to the National Consumer Expenditure Survey Region of residence for 20172018, U.S. Bureau of Labor Statistics (2018) there are annual buying trends associated with each
region of the U.S., which are spent on categories such as entertainment, travel, housing, and food
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among others. Knowledge and history of consumer trends in a specific region may increase the
success rate of small-scale organic farms.

Limitations of Consumer-Based Research. Consumers are people and people have complex
patterns of culture, habits and behaviors. Surveys, whether taken online or in person present a
plethora of data to researchers. However, what is most often not recorded is the location the survey
was taken, the access of that geographic area, the time of day the survey was being conducted, the
weather or atmosphere of that particular area. Jones et al. (2017) argue that the model itself must
include field, farm, landscape, regional, and global spatial scales in addition to questions about
past, current and future events. There is also evidence that some percentages of farmers do not
respond at all but usually the percentage that do not respond to surveys is low enough that it will
not interfere with the overall conclusion (Weber and Clay 2013). It is accepted that both consumers
and farmers do not always answer truthfully or fully or that the questions can be skewed or biased
all of which may lead the consumer to an answer that may have not been intended. Research in
business marketing and the bias involved was analyzed by (Alam and Bhatti 2018) in an attempt
to compare the variance of consumer answers collected through different survey methods, and
found that qualitative information collected from informal interviews was the least biased method.
Social psychologists understood that every scientific method has its own limitation (Visser
et al. 2013). But human behavior, particularly the conductor of the survey, is subject to change and
could therefore skew survey results inadvertently. There are many variables that cannot be closely
controlled during an in-person survey such as what the researcher is wearing and even what they
verbally say to the consumers. The goal of collecting surveys, whether in person or otherwise, is
to be as consistent as humanly possible so as to eliminate or limit the numerous variables that
would interfere with the survey responses. Researchers are only beginning to identify and analyze
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the world of human habits and buying interactions. The overall statistics of each survey can be
assessed in different ways, qualitative and quantitative, or a combination of both which is called
mixed methods (Ponto 2015).
Whether or not a survey is conducted in person or online can have significant effects on
the quality of the data collected. Turk et al. (2018) maintain that data collection in general is a
powerful tool but that the variables for either in person or online surveys are so different that the
two methods are not comparable. Both methods are widely used to collect data from consumers
even though there are clear drawbacks for each.

Composting in the Twenty-First Century. Sustainability of the global-scale food system may
not only be further challenged by water shortages, the effects of global warming, a continued
increase in the price of all fuels, but also the excessive amount of waste produced (Bodley 2012).
In the U.S., a recent survey showed that up to 41% of the post-harvest food supply is wasted
and ends up in a landfill (Neff et al. 2015). The most common cause for throwing food away was
concern for food borne illnesses, although respondents suggested ways to reduce food waste and
showed general concern and knowledge of this issue. According to Risse and Faucette (2017) more
than 72% of landfill waste could be composted, reducing the percentage of Municipal Solid Waste
in the U.S. by over 9%. If the amount of food that is wasted in the U.S. was sent to a compost
facility instead of a landfill, it would greatly reduce the amount of MSW alleviating several issues
such as pollution, groundwater and air contamination and land management.
There are additional benefits to the farmer or gardener who chooses to compost that go
beyond reducing waste and contribution to landfills. In one study, compost piles that were
managed to maintain a sufficient concentration of oxygen were found to reduce emissions which
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counteracts the global greenhouse gasses (Vergara and Silver 2019). Composting has also been
known to improve soil structure through aeration. The process of composting seeks to address the
issue of excessive waste by turning it into an amendment that can later be used on the farm to
improve overall soil health (Larney 2012). It has also been proven that adding compost to the
existing soil increases both nitrogen and carbon levels (Ros, 2006). There are some doubts,
whether the practice of composting is safe. Epelde et al. (2018) conducted a series of tests in
different types of compost to ensure there were no potential human pathogens or contamination
present. Several piles that are most commonly used in organic agriculture were tested, of which
none showed high concentration of harmful pathogens or contamination.
Soil health is integral to the survival of all species on earth. Without a strong foundation
and proper maintenance, there can be no agriculture, at least not on the global scale. Leinfelder
(2010) conducted research with assessment and management practices on different soil types and
emphasized the importance of resiliency and biodiversity. Composting provides a way for the farm
to reduce overall waste and get a head start on building biodiversity within farming practices.
Composting materials that would normally be thrown away, or in the case of used fruit bags, left
in the field to decompose, can be collected and thrown onto a pile in the back corner of the farm.
There are several different methods for composting, the most common being a mulch and grass
clipping pile leaning against an old feed pallet, the most sophisticated method being operated in a
warehouse of waste using heavy machinery for a rapid decomposition cycle. Soil Organic Matter
(SOM) is a topic widely referred to when discussing the broad topic of composting and soil
amendments. Stone et al. (2004) coin the term and associate it with overall plant health. In other
words, if soil health is poor, then so will the plant. There are various solutions for working to
improve the SOM in crop systems, not the least of which is composting. The importance of
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composting is much deeper than simply saving a trip to the landfill; it is a search for sustainability,
a chance for fertility, a way to manage trash responsibly, and a farming practice that builds
resiliency for the health of the farm itself.

Present and Future Concerns. It became apparent during the most recent pandemic
COVID19, that consumers are concerned about the food chain supply. The biggest hurdle for a
large-scale agricultural system is the transportation of the food or food miles (Schnell 2013).
When food is grown locally or even regionally, it does not travel as far to get to someone’s table.
During an outbreak when people are encouraged to stay home, many individuals turned to their
local farmers for fresh produce (CFSA 2020). The importance of knowing how and where food
is grown and processed is likely going to be more important as the world faces the next phases of
COVID19 and possible future pandemics.
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CHAPTER TWO
FRUIT BAGGING: A SMALL-GROWER AND CONSUMER
HORTICULTURAL PRACTICE ACROSS THE SOUTHEASTEN UNITED STATES

Introduction
Paper bags can be used for a variety of different fruits. Researchers at Clemson
University, the University of Georgia, and the University of Florida have been working on peach
bagging as an option for organic growers in the Southeast for the last five years (Miller 2016).
Attempts at fruit bagging using several different types of netting or bags have been made by
backyard gardeners across the United States and is increasing in interest.
Recent research at Clemson University has shown that the new horticultural practice of
growing fruit inside individual bags can be successful even in hot and humid climates such as the
southeastern U. S. For example, Odneal (2018), from Missouri State University conducted an
experiment on bagging peaches using the bags they had purchased from Clemson University
marketplace. The fruit bags can be used by organic peach growers as a horticulture
practice/physical barrier in addition to using organic pesticides or in place of spraying. Bags can
be used by either organic or conventional growers and these peaches can later be sold at specialty
markets where consumers looking for organic, all natural or low pesticide-residue peaches,
would be willing to pay premium pricing. Corum, Rosenzweig and Gibson (2001) compiled
information on organic farmer’s market trends which included a guide to integrating local and
organic produce into the school cafeteria lunch program. Ahead of its time by almost twenty
years, these predicted trends have become a reality and a wonderful resource to everyone in the
organic farming or education industry.
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The demand for organic produce has increased consistently since 2004 (Greene 2013).
This has created space for new and innovative technologies or methods to grow our own food.
The horticultural practice of fruit bagging is a result of such an innovation. This practice allows
for the fruit to grow undisturbed from the outer world. It also gives the farmer an opportunity to
potentially have the very best-looking fruit on the market, which can also be coined with “lowpesticide residue,” or “all natural,” or “organic” if no conventional pesticides have been applied
throughout the growing season. Since the consumers have been increasingly buying organically
produced foods, using fruit bags is a sensible option for any size grower.
One of the main challenges for the adoption of bags has been the availability of
workforce to do the actual bagging. Although the bags are fairly cheap to purchase in bulk, it
takes one person about one hour to bag one mature tree. The actual cost of bagging a tree is
estimated to be about $3-5 per tree. Overall, the cost of bagging the fruit appears to be lower than
the cost to spray pesticides, however, finding the labor to bag the fruit for large operations is a
challenge for most growers since many H2A crews are small in number and it already takes time
to prune, thin and harvest without adding the step of bagging. In contrast, for smaller operations,
particularly in Florida, managing a smaller orchard is easier and many times an organic family
farm is able to source labor from friends and family. Currently, the majority of the farm labor in
South Carolina is done by migrant workers. From an American farmer’s perspective, migrant
labor is necessary in order for large scale agriculture to be profitable. The hassle and expense of
hosting and employing migrant workers, is well worth the return in labor they receive from these
workers as most American citizens will not work on these farms and in those conditions (Alani,
2018). Thus, having migrant labor is the most economical way to farm on a large scale in today’s
modern world (Bier, 2020). For a backyard grower with less than five fruit trees, this may be a
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fun weekend project, and for a family owned and operated small-scale organic orchard, this may
take from a few days to a few weeks. For example, a research colleague from the University of
Florida, completed much of his research on a small, organic orchard owned and operated by a
family on a fruit farm in Florida (Campbell et al. 2019). Thus, this type of horticultural practice
may be more popular on smaller scale growing systems.
As a consequence of the information released about the peach bagging project at
Clemson University, backyard growers throughout the nation have shown interest in the
possibility of using paper bags on their own fruit trees. Over eight hundred individuals have
purchased fruit bags to use in their backyard or small orchard. These bags have been available
for purchase online at Clemson Marketplace since 2016. Previously these bags were tested by
reproducing backyard conditions by not spraying pesticides in at an experimental nectarine
orchard in South Carolina. Much more data is needed to understand how efficacious paper bags
can be in real backyard settings and under other climate conditions of various regions. To date,
there are various unofficial studies being done on fruit bagging in backyard grower settings.
Walliser (2016) conducted a home experiment in her backyard. She used plastic Ziploc bags and
tights to cover her crop of apples. She found both methods to work well and she calculated that
overall she spent less time bagging than she had the previous year while spraying pesticide.
Gardeners who wish to grow and eat organically grown food or who do not want to spray any
chemical to their trees can also easily use this method of bagging to ensure their fruit is not
sprayed.
Objectives of this project were 1) to survey consumers at farmers’ markets regionally to
understand their perceptions and interest on bagged peaches, as well as their willingness to pay
for this product. By analyzing this data set from two consecutive years, the results of this study
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could provide consumers and farmers a better understanding of peaches and their complex
market; and 2) to survey backyard growers who ordered and used the fruit bags to find out how
successful the bags have been in an at-home setting. Our hypothesis was that Southeastern
consumers would buy a peach that was grown in a bag, but that they would not be willing to pay
more cents per pound. We also hypothesize that the backyard growers will have had a high
success rate especially those located in dryer climates and that they would be willing to continue
this horticultural practice in the future.

Materials and Methods
Experiment 1: Understanding consumer perception of bagged peaches.
Fruit Production. The fruit shown to consumers while conducting surveys at farmers markets
was produced on Musser Experimental Research Farm in Seneca, SC. Cultivars June Gold and
Juneprince were selected in Spring 2019. Half of the fruit on the trees was bagged, with half
being left unbagged as a control. During harvest, the bagged and non-bagged fruit were kept in
separate baskets. This fruit was stored in the cooler at 4 degrees Celsius until taken to markets
(less than two weeks). Figures 2A and 2B below were taken during two different markets in
summer 2019.
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Figure 2A Suwanee Farmer’s Market in GA July 2019.
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Figure 2B Patrick Square Farmer’s Market in Clemson, SC June 2019.

Farmer’s Market Consumer Surveys. This survey was created in collaboration with Dr. Juan
Carlos Melgar, a researcher on the Clemson Peach Team and Dr. Ellen Vincent, an expert on
public surveys and social gardens. The questions were formulated based on knowledge gained on
a previous study and with Southeastern consumers (Allran et al. 2019).
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The development of the consumer survey was a collaborative effort between committee
members and each question was carefully thought out before a final survey was created using the
online software SurveyMonkey. These surveys were reviewed and considered legally ethical by
the Clemson University of Research Compliance (IRB2019-118).There are paragraphs
introducing myself and the topic to the consumer, which was explained verbally in person while
conducting surveys at Farmers’ Markets.
Hello, my name is Katie Kule and I am a graduate student in the Plant & Environmental
Sciences Program at Clemson University. I work on peaches, and we have a joint project with
the University of Florida and the University of Georgia on using paper bags to grow peaches to
reduce pesticides in the southeastern U.S. My goal for this research project is to understand the
consumer’s perspective regarding knowledge of and preference for bagged peaches. I would
appreciate if I could ask you a few questions to know your thoughts on this topic. This short
survey will only take two minutes to complete and you will never be personally identified in any
way after completing the survey.
Bagged peaches are relatively new to the United States market and when peaches are
very little (thumb size), we spray them once with an organic pesticide and cover them with these
bags until harvest; thus, they grow inside these bags; with reduced contact from pests and
diseases, they do not receive any pesticide after they are bagged (here I show pictures of peaches
growing inside paper bags).
1.Please evaluate the following statements using this preference scale: Always,
Sometimes, Never; Other
• I buy conventionally grown (non-organic) peaches
Always
Sometimes
Never
Other
• I buy organically grown peaches
Always
Sometimes
Never
Other
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• I buy both organically and conventionally grown peaches
Always
Sometimes
Never
Other

2.You probably know that conventionally grown peaches receive synthetic pesticides. Are
you aware that organic pesticides may be used to grow organic peaches?
A. Yes
B. No

3. In a market situation where you have these three options available: conventional,
organic, or organic bagged peach which would you be more likely buy? (I will show
three batches, one of each category)
A. Conventional peach
B. Organic peach
C. Organic peach grown in a bag
D. Conventional peach grown in a bag
E. The cheapest option
The bags used in this production process can only be used once. After being used for
several months in the field, they get dusty outside, and they break when we remove the
peach. We are looking into options for discarding these bags, and even though they are
made of paper, recycling them is not an option because there is a small piece of metal
attached to each bag. Thus, composting them may be the most sustainable option.

4. If you were to buy peaches that were grown in a bag, how important is it for you, as a
consumer, to know if those bags were composted instead of being burned or sent to the
landfill?
A. Very Important
B. Important
C. Not Important
D. Not Sure
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5. If 1lb of conventional peaches cost __ how much more would you pay cents/lb for an
organic peach? How much more would you pay cents/lb for a peach that was grown in a
bag?

6. What is your age?
A. 18-30
B. 30-50
C. 50-65
D. 65+

7. What is your ethnicity?
A. Caucasian
B. African American
C. Asian
D. Latino
E. Other
F. Prefer not to answer

Challenges with Surveys. A few challenges that occurred in market surveys was trying to get an
answer from market managers to gain permission to attend the markets within the timeframe
these varieties were harvested. It was difficult to explain the goal of this survey to other farmers
and vendors who initially did not like the idea of research being conducted on their potential
customers. The unwillingness of consumers to take a survey or share their email, to explain the
goal of this survey to consumers who wanted to buy the peaches instead of take the survey, or to
be friendly to individuals who refused to take the survey because they were opposed to Clemson
Football.
Likewise, problems arose with surveys in general such as incorrect emails, the survey
potentially landing in the spam folder, advertisements or even the distance and unfamiliarity
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between the researchers and the consumers. There were no advertisements not compensation
used in the survey. Respondents had the option to either participate, ignore or delete. This was an
ethical survey and reviewed by the Clemson University Office of Research Compliance
(IRB2019-118).
Soda City in Columbia, SC did not allow a booth rental, but did give permission for the
survey to take place in the median of the market (two people with baskets of both bagged and
non-bagged peaches with a tablet stood in the median of Main Street where the Saturday
morning market was taking place). Several markets in Georgia were shared with UGA Extension
Master Gardener booths. The fruit was displayed in peach baskets and consumers were first
asked if they knew about fruit bagging. If they were not aware of the horticultural practice,
pictures and un-used bags were used to educate the consumer. If they were aware of the fruit
bagging practice, or after they were educated, consumers were asked if they could tell which
basket of peaches were grown in bags and which were not and why they thought this. After this,
an explanation about sunlight and full red blush took place and the consumer was asked if they
would be willing to participate in this research by taking a completely anonymous survey at
which point the consumer either declined and walked away or took the survey either on an iPad
or cell phone.
Table 2.1 Lists all Farmer’s Markets attended during summer 2019.
Farmer’s Market Location
Alachua; Gainesville, FL
Snellville; Atlanta, GA
Patrick Square; Clemson, SC
Student Organic Farm; Clemson, SC
Soda City; Columbia, SC
Suannee; Atlanta, GA

Total Number of
Participants
6
5
20
5
38
11

24

Date
4/27/2019
6/15/2019
6/20/2019
6/21/2019
6/29/2019
7/13/2019

During the summer of 2019 I attended several farmer’s markets in various locations in
Florida, Georgia and South Carolina in order to survey consumers on bagged peaches (Table
2.1).
Both the consumer and backyard grower survey were created in collaboration with Dr.
Melgar, Dr. Vincent and myself in Spring 2019. The questions we selected were carefully
worded so as to eliminate any bias, although we know that bias on some level, would be
inescapable. At each market, the same environment was established; likewise the same materials
were used; surveys were conducted under a tent with a table which had a Clemson University
tablecloth, photos of fruit bagging, give away pens from the three universities participating in
this project, and baskets of peaches both bagged and non-bagged were present (Figures 1 and 2).
Data collected for each question were analyzed separately using a statistical analysis
called ANOVA and these calculations were done in a software program called JMP which is
widely used for many statistical analyses. Percentage means for each possible response was
calculated, and mean values were calculated for willingness to pay for organic peaches and
bagged peaches.
A Note on the Global Pandemic: COVID19. Due to the historic pandemic of 2020, our plans of
surveying consumers at farmers markets a second year were postponed and then cancelled
because of rules on social distancing and the attempt to keep the virus infection rate low. As a
result of the social distancing or isolation that took place globally and nationally during the
spring, summer and fall months of the year 2020, Clemson University did not authorize travel or
in person events (such as surveys) to be taken as they were in the summer of 2019 at farmer’s
markets in South Carolina, Georgia and Florida. Instead, the same survey, using similar but
improved with pictures for attracting digital audiences, was posted on social medias Facebook
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and Twitter in September, 2020. The post was shared over thirty times on Twitter and six times
on Facebook by researchers, colleagues, friends and family. The consumer survey was shared
online using social media and was taken by individuals located across the United States, not only
those who live in the Southeast. Statistical analysis or the ANOVA of both surveys were
analyzed from the consecutive years of data using JMP to calculate the statistics for the specific
data.
Experiment 2: Backyard Growers National Survey.
Backyard Growers National Survey. This survey was formulated with the intention of
understanding how backyard gardeners have been using the fruit bags and how successful they
were. This survey was also carefully crafted with the help of my committee members and
emailed in February 2019 and 2020 as well as in September of 2020 to the list of consumers who
had previously purchased fruit bags from Clemson University Marketplace. In 2019, the number
of individuals who bought bags that year was 212. By 2020, that number increased by 238
individuals who purchased the fruit bags. The increase in sales may well have been due to the
pandemic and the heightened concern about food supply and issues with being home at almost
all times in attempt to quarantine to help stop the rampant spread of the virus. The survey
questions of this backyard growers survey are below:
1. Did you use the bags for peaches? Other (please specify)
2. Did you apply any type of pesticide before you bagged the fruit?
3. What state are you located in?
4. What was your success rate with the bags?
A. 0-25%
B. 25-50%
C. 50-75%
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D. 75-100%
5. How happy were you with the fruit quality?
A. *
B. **
C. ***
D. ****
E. *****

Figure 2C Instruction sheet included with every order of fruit bags.
Every order of fruit bags sent out included an instruction sheet with pictures, and a link to
a YouTube video: (https://www.youtube.com/watch?v=pzFA-Oll2wM).
Figure (2C) shows the top half of the instruction sheet sent to each individual who
purchased bags through Market Place through Clemson University. A full version of this user
guide can be found in the appendix of this document.
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Figure 2D Bagging at the fruitlet state in May, 2019.

Figure 2E Peach Trees at Musser Experimental Fruit Farm in
Seneca, SC June 2019.
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Results
Farmer’s Market Consumer Surveys. In general, results from this study included individuals
from Florida, Georgia and South Carolina over three different time periods for a total of 132
participants. The data reflects a few changes that occurred over the two years of research.
Question one asked consumer to evaluate the following: always, sometimes, never or other; I buy
conventionally grown peaches, I buy organically grown peaches or I buy both conventionally
and organically grown peaches. During Spring 2019, 20% of Florida participants responded that
they sometimes bought organic peaches (Table 2.2). On the other hand, 0% of consumers in
Georgia reported to always buy organic peaches and instead had an average of 33% respondents
reported that they buy both conventional and organic peaches (Table 2.3). In South Carolina
during the first year of research, consumers answered that 54% sometimes bought conventional,
62% sometimes bought organic, 12% always bought organic, and 50% sometimes bought both
conventional and organic peaches (Table 2.4).
Table 2.2. Preferences of consumers (n=6) surveyed in Florida in 2019. Data are expressed in
percentage of consumers that selected each choice.
Question 1 | 2019
I buy conventionally grown
(non-organic) peaches
I buy organically grown peaches
I buy both organically and
conventionally grown peaches

Always
20%

Sometimes
40%

Never
40%

Other
0%

20%
40%

40%
20%

40%
20%

0%
0%

Table 2.3. Preferences of consumers (n=17) surveyed in Georgia in 2019. Data are expressed in
percentage of consumers that selected each choice.
Question 1 | 2019
I buy conventionally grown
(non-organic) peaches
I buy organically grown peaches
I buy both organically and
conventionally grown peaches

Always
50%

Sometimes
50%

Never
0%

Other
0%

0%
33%

50%
33%

38%
33%

0%
0%
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Table 2.4 Preferences of consumers (n=63) surveyed in South Carolina in 2019. Data are
expressed in percentage of consumers that selected each choice.
Question 1 | 2019
I buy conventionally grown
(non-organic) peaches
I buy organically grown peaches
I buy both organically and
conventionally grown peaches

Always
26%

Sometimes
54%

Never
17%

Other
2%

12%
22%

62%
50%

26%
22%

0%
6%

Values by state for 2020 for the most part reflect the results from the previous year.
However, a much higher percentage (90%) of consumers in Florida selected that they sometimes
buy organically grown peaches (Table 2.5). In Georgia, the majority of consumers (50%)
expressed that they sometimes buy organic peaches which was fifty percent higher than it was in
2019. South Carolina consumers answered similarly with the majority (64%) having answered
that they sometimes buy organically grown peaches (Table 2.7).
Table 2.5 Preferences of consumers (n=12) surveyed in Florida in 2020. Data are expressed in
percentage of consumers that selected each choice.
Question 1 | 2020
I buy conventionally grown
(non-organic) peaches
I buy organically grown peaches
I buy both organically and
conventionally grown peaches

Always
30%

Sometimes
70%

0%
25%

90%
67%

Never
0

Other
0

10%
8%

0
0

Table 2.6 Preferences of consumers (n=4) surveyed in Georgia in 2020. Data are expressed in
percentage of consumers that selected each choice.
Question 1 | 2020
I buy conventionally grown
(non-organic) peaches
I buy organically grown peaches
I buy both organically and
conventionally grown peaches

Always
60%

Sometimes
20%

25%
0

50%
60%

30

Never
20%
25%
40%

Other
0
0
0

Table 2.7 Preferences of consumers (n=30) surveyed in South Carolina in 2020. Data are
expressed in percentage of consumers that selected each choice.
Question 1 | 2020
I buy conventionally grown
(non-organic) peaches
I buy organically grown peaches
I buy both organically and
conventionally grown peaches

Always
26%

Sometimes
59%

12%
33%

64%
42%

Never
15%

Other
0

24%
25%

0
0

National data reflects South Carolina consumer responses with 64% of consumers who
answered that they sometimes bought organic peaches, although 42% answered they sometimes
bought both conventional and organic peaches (Table 2.8).
Table 2.8 Preferences of consumers (n=189) surveyed Nationally in 2020. Data are expressed in
percentage of consumers that selected each choice.
Question 1 | 2020
I buy conventionally grown
(non-organic) peaches
I buy organically grown peaches
I buy both organically and
conventionally grown peaches

Always
40%

Sometimes
55%

Never
4%

Other
1%

2%
31%

64%
42%

31%
24%

2%
1%

The second question of the survey inquired whether or not the consumer was aware of the
difference between conventional and organic pesticides. This was an education-based question
that helped gauge the knowledge level of the majority of consumer respondents. In 2019, the
majority of consumers in all three states for an average of 67%, reported that they were aware
that conventional pesticides were different from organic pesticides (Figure 2F).
In 2020, consumers in Florida, Georgia and South Carolina closely followed the trend set
in 2019, with slightly higher percentages for an average of 77% of consumers from the
southeastern states reported to know the difference in pesticides (Figure 2G).
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Nationally 75% of consumers claimed to know the difference between the types of
pesticides (both conventional and organic). This reflects the values from the three southeastern
states in 2020 and continues the slightly higher trend of consumers who claimed to know the
difference between organic and conventional pesticides.

Percentage (%)

Question 2: Are you aware that organic pesticides may be used
to grow organic peaches?
80
60
40
20
0
FL

GA

SC

Location by State in 2019
Yes

No

Figure 2F Percentage (%) of consumers understanding the difference between conventional and
organic pesticides. Data are separated by state (n = 6, FL; n = 17, GA; n = 63; SC in 2019).

Percentage (%)

Question 2: Are you aware that organic pesticides may be used
to grow organic peaches?
90
80
70
60
50
40
30
20
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Location by State & National Data in 2020
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Figure 2G Percentage (%) of consumers understanding the difference between conventional and
organic pesticides. Data are separated by state (n = 12 FL; n = 4, GA; n = 30; n = 134 Nation in
2020).
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The third question addressed which peach a consumer would most likely buy in a market
situation. The options listed were: a conventional peach, an organic peach, a conventional peach
grown in a bag, an organic peach grown in a bag, or the cheapest option. Results for summer
2019 varied by state. 33% of consumers in Florida chose an organic peach grown in a bag as
their most likely purchase. 47%, of consumers in Georgia reported they would be most likely to
buy a conventionally grown peach, and the results in South Carolina results were more equally
distributed and showed 64% would buy a peach grown in a bag however their majority ruled
with 38% of consumers most likely to buy the cheapest option available (Figure 2H).

Question 3: In a market situation where you have these
options available: conventional, organic, or organic bagged
peach which woudl you be more likely to buy?
Percentage (%)

100
80
60
40
20
0

FL

GA
SC
Location by State in 2019
Conventional Peach
Organic Peach
Organic peach grown in a bag
Conventional Peach grown in a bag
The cheapest option
Figure 2H Consumer preference regarding type of peach. Data are separated by state (n= 6 , FL;
n = 17, GA; n = 63, SC) in 2019.
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Percentage (%)

60

Question 3: In a market situation where you have these
options: conventional, organic, or bagged peach which would
you be more likely to buy?

40
20
0

FL

GA
SC
Nation
Location by State and National data in 2020
Conventional Peach
Organic Peach
Organic peach grown in a bag
Conventional Peach grown in a bag
The cheapest option
Figure 2I Consumer preference regarding type of peach. Data are separated by state (n = 12 ,
FL; n = 4, GA; n = 30, SC; n = 134, Nation) in 2020.

In 2020, consumer preference on which peach they would most likely purchase
contrasted greatly when compared to the previous year. The majority of consumers located in
Florida and South Carolina selected the cheapest option as their most likely purchase. Georgia’s
option of buying an organic peach went up by two percent. Nationally, survey reflected the
results from South Carolina consumers the previous year with 37% of consumers having selected
that they were most likely to buy the cheapest option available, but 24% of consumers chose an
organic peach as their second most likely purchase (Figure 2I).
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The fourth consumer survey question posed an ethical question on the importance of
composting the used fruit bags post-harvest. Florida and South Carolina consumers both had
respective majorities (83%) and (48%) that reported composting of the bags was “Very
Important.” Georgia and National survey answered with their respective majorities (59%) and
(45%) that composting the used fruit bags was “Somewhat Important.” Overall, consumers from
all three states and both consecutive years of research shared that composting in order to divert

Percentage (%)

waste from landfills was held in high importance (Figure 2J and Figure 2K).

Question 4: How important is it for you, as a consumer, to
know if those bages were composted instead of being burned
or sent to a landfill?
100
80
60
40
20
0

FL

GA

SC

Location by State in 2019
Very important

Somewhat important

Important

Not sure

Figure 2J Importance of composting used fruit bags. Data are separated by state (n = 6, FL; n =
17, GA; n = 63, SC in 2019.
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Question 4: How important is it for you, as a consumer, to
know if those bags were composted instead of being burned
or sent to a landfill?
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Location by State and National data in 2020

Very important

Somewhat important

Important

Nation
Not sure

Figure 2K Importance of composting used fruit bags. Data are separated by state (n = 12, FL; n
= 4, GA; n = 30, SC; n = 134, Nation) in 2020.

The fifth question asked the consumer to consider how much more they were willing to
pay $/lb extra for both an organic peach, and a peach that had been grown in a bag. Florida, was
the only state in 2019 whose consumers averaged that they would be willing to pay over one
dollar extra. In fact, FL consumers in 2019 said they would spend an average of $1.31 per pound
on an organic peach and $1.35 on a peach that had been grown in a bag. Georgia’s average $/lb
amount to spend was $0.78 for an organic peach, and $0.83 for a bagged peach. Whereas South
Carolina averaged at being willing to pay $0.66 $/lb for an organic peach and $0.77 for a bagged
peach (Table 2.9).
Table 2.9 Average willingness to pay for an organic and bagged peach (expressed as extra
dollars per pound ± standard error) of consumers from FL (n = 6), GA (n = 17) and SC (n = 63)
in 2019.
Question 5 | 2019
Extra $/lb organic
peach
Extra $/lb bagged
peach

Florida
$1.31 ± 0.34

Georgia
$0.78 ± 0.13

South Carolina
$0.66 ± 0.07

$1.35 ± 0.18

$0.83 ± 0.13

$0.77 ± 0.08
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Based by state, 2020 results indicate that values for Florida and Georgia were much
lower than they were in 2019. Values for an organic peach went from $1.31 in FL and $0.78 in
GA to $0.58 in FL and $0.55 for GA (Table 2.9). On the contrary, South Carolina values went
from $0.66 for an organic peach in 2019 to $0.72 in 2020 (Table 2.10). On average, Americans
polled in 2020 were willing to pay $0.74 for an organic peach and $0.75 for a peach that was
grown in a bag (Table 2.11).
Table 2.10 Average willingness to pay for an organic and bagged peach (expressed as extra
dollars per pound ± standard error) of consumers from FL (n = 12), GA (n = 4), SC (n = 30) in
2020.
Question 5 | 2020
Extra $/lb organic
peach
Extra $/lb bagged
peach

Florida
$0.58 ± 0.14

Georgia
$0.55 ± 0.27

South Carolina
$0.72 ± 0.17

$0.40 ± 0.10

$0.87 ± 0.28

$0.81 ± 0.16

Table 2.11 Average willingness to pay for an organic and bagged peach (expressed as extra
dollars per pound ± standard error) of consumers from Nation (n = 134).
Question 5 | 2020
Extra $/lb organic peach
Extra $/lb bagged peach

Nation
$0.74 ± 0.01
$0.75 ± 0.01
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The sixth and seventh questions of the consumer survey addressed demographic
questions. In 2019, for Florida, Georgia and South Carolina, questions six and seven covered age
range and racial identification. The age range of consumers in Florida was younger, with the
majority (40%) of consumers selected 18-14. For Georgia, the average age was 50+, and South
Carolina’s majority of 40% was between 45-64 (Figures 2L, 2M and 2N).

FLORIDA 2019

20%
40%
20%
20%
18-24

25-34

35-44

45-64

65+

Figure 2L Represents age range of Florida participants (n = 6) in 2019.
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GEORGIA 2019

6%

47%
47%

18-24

25-34

35-44

45-64

65+

Figure 2M Represents age range of Georgia participants (n = 17) in 2019.

SOUTH CAROLINA 2019
13%
23%

15%

39%
10%
18-24

25-34

35-44

45-64

65+

Figure 2N Represents age range of South Carolina participants (n = 63) in 2019.

There were several notable differences in age range between 2019 and 2020. The
majority (39%) of Florida consumers were in the 25-34 age group. 50% of Georgia consumers
fell in the 45-64 age group and in South Carolina, the two top age groups were between 18-24 at
27% and 33% for the age group of 25-34. National results for the age range question reflected
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results from both Georgia and South Carolina, with the majority, 32% of consumers having
selected 45-64. Nationally, the ages of the consumers who took the survey were widely
distributed with the highest percentage (32%) between 45-64 and the lowest (7%) was from
consumers aged 65+ (Tables 2O, 2P and 2Q).

FLORIDA 2020
23%
39%

15%

23%
18-24

25-34

35-44

45-64

65+

Figure 2O Represents age range of Florida participants (n = 12) in 2020.

GEORGIA 2020
17%

50%
33%

18-24

25-34

35-44

45-64

65+

Figure 2P Represents age range of Georgia participants (n = 4) in 2020.
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SOUTH CAROLINA 2020
10%
27%
20%

10%
33%
18-24

25-34

35-44

45-64

65+

Figure 2Q Represents age range of South Carolina participants (n = 30) in 2020.

In 2020, for the national survey, an additional question was added to the survey that was
sent out online through social media. Consumers were asked what state they were currently
located in. Answers from consumers polled twelve different states across the nation and nine
abroad provinces or countries. The most numerous count of consumers was South Carolina with
a total of 30 consumers had taken the survey which represents 22% of respondents from that year
and survey. Florida consumers totaled 12 for a 8% representation, and Georgia had 4 respondents
for a 3% representation nationally. Besides SC, the three states with the most completed surveys
were New York at 10%, Florida with 8% and California at 7% (Table 2R).
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National 2020
7%

12%

32%

30%

19%

18-24

25-34

35-44

45-64

65+

Figure 2R Represents age range of National participants (n = 134) in 2020.

The final survey question asked consumers to self-identify their race. Although the
consumers who participated in this study mostly self-identified as White or Caucasian, there was
some representation of other races between different states and years of data collection (Table
2.12 and 2.13).
Table 2.12 Percentages self-identified race from 2019.
Question 7

Florida

Georgia

South Carolina

White or Caucasian
Black or African American
Hispanic or Latino
Asian
Another Race
Prefer not to Answer

33%
33%
33%
0%
0%
0%

94%
6%
0%
0%
0%
0%

79%
10%
5%
3%
2%
2%

The race of Florida consumers was equally distributed between White, Black and
Hispanic ethnicities. 94% of Georgia consumers identified as White and in South Carolina 79%
identified as White. Similarly, results from 2020 mirror answers from the previous year. Florida
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again had a wide distribution of White, Black, Hispanic or Another Race, whereas Georgia had
100% of respondents select White as their ethnicity. South Carolina and the Nation had very
similar results, both majorities identified as White.
Table 2.13 Lists all percentages of self-identified race from 2020.
Question 7

White or Caucasian
Black or African American
Hispanic or Latino
Asian
Another Race
Prefer not to Answer

Florida
69%
8%
15%
0
8%
0

Georgia
100%
0
0
0
0
0

South Carolina
73%
7%
18%
0
0
3%

Nation

77%
3%
8%
5%
2%
5%

Backyard Growers National Survey. This survey was sent out three times during different
growing seasons. Once for the 2018 season, again for the 2019 season, and a third time in 2020.
The 2018 survey had a total of individuals completed the survey out of the 348 emails sent, with
a response rate of 39%. The same survey was again sent out in 2019 to a new total of 565 emails
(over two hundred fruit bag orders were processed that year). 164 individuals completed the
survey for a response rate of 29%. The same backyard growers survey was sent out a third time
in 2020 to a total of 888 individuals of which 169 participants completed the survey for a 19%
response rate. The decline in response rate could be due to weather conditions, the time of year,
and certainly in 2020 the pandemic may be the reason behind the steep decline (Table 2.14).
Table 2.14 Numbers of respondents, emails of backyard growers survey both years. Response
rates are in bold.
Respondents
Emails
Response Rate

Spring 2019
136
348
39%

Spring 2020
164
565
29%
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Fall 2020
169
888
19%

The common theme of question one states the majority of backyard growers having used
the fruit bags on peaches and not some other fruit, although results from all three survey periods
indicate that between 17% and 26% of backyard growers used the bags for something other than
peaches (Table 2.15).
Table 2.15 Percentage of backyard growers using the fruits bags for peaches or for other fruits
and vegetables.
Question 1
Peach
Other Fruit

Spring 2019
74%
26%

Spring 2020
83%
17%

Fall 2020
77%
23%

Question two of the backyard growers survey asked whether or not the grower sprayed
anything on the fruit before bagging (as was recommended through the instructions sent with the
bags). From all three sets of data, the majority did not spray before bagging (Table 2.16).
Table 2.16 Percentage of backyard growers that spray a fungicide/pesticide before placing the
fruit bags.
Question 2
Yes
No

Spring 2019
38%
62%

Spring 2020
42%
58%

Fall 2020
43%
57%

The third question of the backyard growers survey asked the grower to provide what state
they were located in. There were 38 different states represented from the collection of data. From
all three sets of data, South Carolina ranked the highest in representation with at least 20% of the
respondents. North Carolina, Georgia, California and Texas were the next best represented states
(Figure 2S).
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Figure 2S This map of the United States represents the percentages of backyard grower
respondents from Spring 2019. Although the values change for each period of survey data, the
states represented are largely the same.

According to the results of question four of the backyard growers survey, success rate
was consistent throughout the duration of the study. The majority for each period of the survey
(Spring 2019 had 41%, Spring 2020 at 38%, and Fall 2020 at 42%) all had a 0-25% success rate.
The second largest percentages of all three survey periods show that between 25-30% of
respondents had a 75-100% success rate with bagging fruit (Figure 2T).
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Question 4: What was your success rate?
45
40
35
30
25
20
15
10
5
0
Spring 2019

Spring 2020

Fall 2020

Time Period by Growing Season
0-25

25-50

50-75

75-100

Figure 2T Percentages of backyard growers reporting 0-25%, 25-50%, 50-75% or 75-100%
from all survey periods on success rate of bagging fruit. Spring 2019 n=136, Spring 2020 n=164
and Fall 2020 n=169.
The fifth and final question asked participants to rate how happy they were with the
quality of their fruit on a one to five star scale. Each survey period had various results, however
the average number of stars was 3.5. The majority (35%) of both 2018 and 2019 rated their fruit
with five stars. In 2020, there was a small decrease in success rate (33%) rated five stars, and a
slight increase (26%) in a one star rating. (Figure 2U).
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Question 5: How happy were you with fruit quality?
40
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**

Spring 2019

***
Number of Stars (1-5)
Spring 2020

****

*****

Fall 2020

Figure 2U Percentages of backyard growers reporting on the success rate of bagging fruit using
a five star scale. Spring 2019 n=136, Spring 2020 n=164 and Fall 2020 n=169.

Discussion
Farmer’s Market Consumer Surveys. Many individuals both world-wide and in the USA
are beginning to believe that organically grown foods are better for health than conventionally
grown food (PRC 2016). This creates an increasing demand in the market for more high-quality
organic foods. King et al. (2000) conducted qualitative research on Farmer’s Market trends in
Kentucky and highly encouraged consumers, vendors and farmers to engage with their
community, join local groups and open the conversation to a wider audience in an attempt to talk
about food and how it is brought to the dinner table. However, so little research has been done on
this quickly changing trend, it has become important to track consumer habits, and furthermore
understand the why behind their buying habits, as farmers would like to know what consumers
want, when they want it, and why they want it. Consumer surveys, whether in person or online
are generally considered a valuable method of gaining knowledge so that the farmer is aware of
consumer preference and the communication regarding which crops to plant, how to market them
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and any other demands the consumers may have. Baker et al. (2009), who conducted in person
surveys at two local hubs for farmers, stressed the importance of community building that
happens at a farmer’s market during which farmers and consumers begin a dialogue about food,
weather and other finite resources. Since consumer trends and perceptions regarding fruit and
vegetable preferences are constantly changing, these surveys need to be conducted regularly and
then analyzed, so that a stakeholder can make decisions based on the most recent trend from each
group of people.
The purpose of beginning the survey with a question on the type of peaches consumers
buy was to see who was buying what and how often. This distinguishes peach purchasing into
various categories and gave valuable consumer information without seeming too invasive
personally. The majority of consumers from all locations and time periods tended to sometimes
buy either conventional or organic peaches, although there was some variation. Consumers who
sometimes or always buy organic peaches are the same shoppers who care about peaches without
any chemical residue, thus, the ones who would theoretically be more interested in a bagged
peach. For instance, in Florida, Georgia and South Carolina, while there were about 40% of
respondents who stated that they never buy organic, whereas there are between 40-60% people
that sometimes buy organic peaches. The only notable difference in data between the years 2019
and 2020 was that consumers were slightly more likely to buy an organic rather than a
conventional peach. According to this collection of data, the preference change from
conventional to organic could be linked to age range, since the population of the 2020 survey
was lower than in 2019. Generationally, young adults in the United States may be demanding
more organic produce than their parent’s age group.
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According to the results of the consumer survey, the vast majority of individuals did have
knowledge on the difference between conventional and organic pesticides which is a relief to
educators and environmentalists, especially those located in the Southeast where pesticides are
heavily relied upon. In the 2020 survey, these values went up, suggesting that more consumers
understand the difference in pesticides. This could be correlated to the lower average age range
from consumers in 2020, or perhaps the wider distribution of race that was collected via the
online survey. Results from this question are imperative as they revealed valuable information
about the education level of the consumer who participated in the survey.
Regarding the third question from the consumer survey, Florida was the only state that
polled they would most likely buy a peach that was grown in a bag, although there were only a
total of six respondents and much more data from different parts of Florida must be collected
before anything can be concluded. Georgia was the only state who reported most likely to buy a
conventional peach, while both South Carolina and the National survey data indicated the mostly
likely purchase would be the cheapest option. The percentage of consumers who only buy
organic peaches is an indication of how many consumers would be willing to buy a peach that
was grown in a bag. The thought is that the consumer would be willing to pay the same amount
in $/lb for an organic peach as they would in $/lb for a peach grown in a bag if not more.
According to the 2020 survey results, Florida respondents no longer chose an organic peach that
was grown in a bag as their most likely purchase, in fact, the majority of consumers in all three
southeastern states and nationally chose the cheapest option. Based on the data from 2020, the
majority of consumers are most likely to buy the cheapest option. This could possibly be
attributed to the economic crisis that occurred throughout the duration of 2020 which was the
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year of the global pandemic. It is notable that the percentage of Georgia consumers who were
willing to buy an organic increased slightly.
Answers to the fourth survey question on the importance of composting the used fruit
bags were similar between all three states and the National survey. In both 2019 and 2020, the
majority of consumers in both Florida and South Carolina reported that composting was “Very
Important,” while Georgia selected for it being “Somewhat Important.” National data revealed
that the majority, 45%, agreed that composting the used fruit bags was “Somewhat Important.”
This finding is significant because in every state and both years of research, more than half of the
participants regarded composting in order to divert trash from entering landfills either very or
somewhat important. In fact, Consumer Brands Association (2020) hosted several polls on
Americans throughout the pandemic of COVID19 and their eating habits. Recycling practices
during the quarantine months spiked and experts are saying that habits made or enforced during
this centuries’ pandemic will remain a strong theme in years and trends to come. For both
consecutive years of the consumer survey and by sectioning off the United States into regions, it
can be said that Southeastern consumers who participated in this survey were clearly concerned
about the importance of used fruit bags being composted than the nation at large.
Survey question five arguably contributed the most to the research. Consumers in all
three states reported being willing to spend slightly more cents per pound for an organic peach,
as well as for a bagged peach than they would pay for a conventionally grown peach. This is the
information that farmers are looking for before they plant an orchard or decide to convert to
organic practices and certifications. The concrete number or value of what of the consumer is
willing to pay for a particular product could potentially give a farmer enough promise to begin
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their farm, create a diversion market for specialty crops, and could encourage farmers to
investigate new and innovative methods and growing practices when it comes to farming.
Interestingly, a few consumers reported they would be more willing to pay extra (even if
by a few cents) for a bagged peach than for an organic peach. This could be due to the novelty of
buying a peach that was grown in a bag, it could be cleanliness (the peaches aren’t touched by
anyone of anything almost the entire growing season, or perhaps the assurance that a peach
grown in a bag has less pesticide residue than conventionally grown peaches). Another key point
from this survey was how in 2019 Florida consumers were willing to pay over one dollar extra
for a bagged peach whereas both Georgia and South Carolina were only willing to pay about
$0.70 extra. In contrast, 2020 Florida consumers reported being willing to pay an average of
$0.55 extra per pound while Georgia and South Carolina’s respective averages were $0.87 and
$0.71 extra per pound. This difference in percentages may stem from the survey platform;
respondents in 2019 were surveyed at Farmer’s Markets and in 2020 this survey was taken in
isolation during the pandemic. In 2020, results for this question are very different. Florida and
Georgia consumers had much lower averages than the previous year whereas South Carolina and
National data had higher averages than 2019. The difference in willingness to pay extra for a
bagged peach could be correlated to several factors such as: age, race, or economic stability.
Researchers Curtis et al. (2020) surveyed consumers at farmer’s markets in Utah asking
them about their willingness to pay extra for an organic or eco-friendly peach. Consumers were
polled in person and results suggested that consumers from this study were willing to pay an
average of $2.10 and $1.41 for organic and eco-friendly peaches, respectively. This information
was published in October of 2020. Although consumers in the state of Utah may have different
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buying habits than Southeastern consumers, there is little to almost no data on farmer’s market
research which makes this recent finding valuable.
The sixth and seventh consumer survey questions were asked in order to collect
demographic data on the consumers who participated in the survey. In this way, all data would
be analyzed and correlated with variables such as age and race along with location of the
consumer, which was added to the 2020 survey. The average age of consumers was over 50
years old and the majority of participants self-identified as White or Caucasian. Although the
average age and race in this consumer survey study was limited to an older white population, it is
important to note that other minority age and racial groups were also given opportunity to
respond to the survey. In 2020, the average age was below the age of fifty which could be a clue
as to why consumer trends changed from year to year. In the future, possibly targeting a wider
range of both age and racial groups could be incorporated by targeting Farmer’s Markets in
lower income areas, University markets, and inner city market areas.
A comparison of consumers was made based on their age and race. It seemed that young
adults in Florida were willing to pay for a bagged peach but not much extra. Consumers in
Georgia and South Carolina over the age of fifty tended to be White and were also willing to pay
for a bagged peach, although South Carolina consumers were more willing to pay extra than
Georgia respondents. Both a wider distribution of age and race would have made for a more
conclusive study. In particular there was a lack of racial diversity which may be due to the preexisting racial populations in the three southeastern states that were studied or the demographic
of the markets where the surveys were taken. While National results polled a wider range of
races, even still, the survey link could only be accessed and completed by individuals who had
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access to modern technology such as a smartphone, internet in addition to prior interest or
knowledge of peach production in the Southeast.

Backyard Growers National Survey. This survey’s purpose was to find out the success rate
and overall fruit quality after having been grown in a bag. While there are a specific set of
criteria which measures the overall quality of the fruit, this survey focused on the bagging
practice and how backyard growers perceived the bags helping them with producing quality
peaches at home.
One interesting commonality that several backyard growers shared was they had a large
scale loss of fruit due to squirrels or some other pest of which the bag provided little to no
protection against. When comparing data from both years, the percentage of backyard growers
response rate was better in Spring 2019 (39%) than it was in Spring 2020 (29%), versus an even
lower percentage (19%) in Fall 2020. Orders for the fruit bags exponentially grew over the
course of two years which could account for the decline in response rate. Many more bags were
purchased during 2020 and one explanation for the difference could be the interest in gardening
due to the global pandemic: COVID19. One thing to keep in mind is that the 2020 responses
were taken from Americans who had been in quarantine for the majority of the year. The
psychological impact of the resulting social isolation of individuals globally and nationally
remains to be seen.
The first question of this backyard grower survey revealed that the majority of
respondents did use the fruit bags for peaches, although not all. An average of 22% of backyard
growers used the bags on other fruit such as: apples, pears, table grapes and tomatoes to name a
few. The second question made it clear that most growers did not spray their fruit before they
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bagged, even though an instruction sheet was mailed with every order in which the grower is
highly recommended to spray at least once before bagging. There was an almost overwhelming
amount of emails after the survey had been taken sent from backyard growers across the country
who wanted to clarify their survey answers. Many of these people also expressed their concern
with any and all sprays (even organic chemistries) and said that they were on an all organic diet,
or this was their first year and they had a huge learning curve, or a pest got all their fruit or some
other reason why they did not spray or why their success rate was low.
The third backyard grower survey question asked the grower what state they were located
in. Almost all fifty states were represented in this survey. It seemed that success rates were
higher in states such as California, Arizona and Texas which could be due to their dry and milder
climates. In the Southeastern states, success rates were lower. Many individuals mentioned that
the hot and humid climate of the southeast made it difficult to grow peaches successfully, even
with the fruit bags. Another issue that backyard growers faced was squirrels eating the fruit
before they could harvest. Unfortunately, the fruit bags do not prevent larger pests such as
chipmunks, squirrels or birds from enjoying the fruit. For all three time periods of the grower
survey, South Carolina was the best represented state. In Spring 2019, SC was 22% of the
population, in Spring 2020 SC held 21% and in Fall 2020, SC had 24% representation.
The fourth question of the backyard growers survey asked the respondent what their
success rate was based on a given scale. Unfortunately, for all three survey periods, the highest
percentage of growers had the lowest success rating of 0-25%. Based on the feedback received,
some of this was due to pest and weather damage, but a lot of it was due to where the grower was
located and if they had sprayed or not prior to bagging. Most Southeastern growers who did not
spray had a low success rate compared to those growers located in another region or who had
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sprayed before bagging. On the other hand, western and mid-western states with hot and
somewhat arid climates experienced an average of 4.5 stars when asked to rate the fruit quality..
These conditions seemed to work well for growing stone fruits organically, and the bags only
aided the quality of the fruit grown in these spaces even if the backyard gardener did not apply
any chemical spray.
Thus, the most difficult variable for most backyard growers seemed to be the weather
conditions. Peaches grow better in certain climates, such as hot and arid places as the south
western U.S. and struggle against many pests and diseases in the southeast due to the hot and
humid climate. The more wet the climate, the higher the humidity and the more pests, diseases
and the like will be a threat to the dominant crop. In addition, The Old Farmer’s Almanac (2020)
also had recorded significantly more rainfall and fewer drought like periods for the Southeastern
states excluding Florida.
As for the fifth and final question, backyard growers were asked to rate their success on a
scale of one-to-five. The average rating for all three survey periods combined was 3.5 stars,
including those participants who were located in the Southeast. Many more western states had
overall higher success rates and better fruit quality while using the minimum amount of sprays
than any grower in the southeast simply because the climates are so vastly different. Although
western states had a higher success rate with far lower pest and disease pressure, southeastern
backyard gardeners were moderately successful.
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CHAPTER THREE
COMPOST EXPERIMENT: TURNING USED FRUIT BAGS INTO FIELD
AMMENDMENTS IN ORDER TO INCREASE SUSTAINABILITY

Introduction
Baldi et al. (2010) conducted a long term research project which sought to record and
calculate the efficacy of applying compost as a field amendment in commercial peach orchards.
While only one specific application of compost increased overall fruit production, soil organic
matter (SOM) and total nitrogen (N) were positively correlated to the soil microbial life. Thus,
composting, or adding a field amendment to a fruit orchard has been proven to be effective. The
full cycle of efficiency and reduced waste could reduce any waste associated with fruit
production which resulted in increased soil health. If the same used bags are composted instead
of thrown away, this may lead to greater economic success for the fruit farmers and increased
sustainability for growers large or small.
According to the Environmental Protection Agency, almost 95% of the food waste
Americans produce ends up in the landfill (KSU 2020). In order to divert some of this excess
waste from the landfill, extension agents from Kansas State University made a fact sheet about
composting which included all types of compost, the basics of how to begin, as well as any
pitfalls. This information sheet was written for people who live in large cities and therefore have
limited space. Waste management is an issue that will require time, attention, and innovative
methods to combat. If people began composting on a regular, individual basis, imagine how
much waste might be diverted from a landfill and not only that, but the compost may later be
used to improve soil health and fertility in the future.
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Inner city development of composting has been on the rise, especially during the past six
months of quarantine. In response to the composting trends during the last decade on a national
level, many universities have created, implemented or added to their compost facilities. A review
from the U.S. Composting Council for the years 2018-2019 listed updates on compost facilities
for several universities across the nation Kirchoff (2019). Although these facilities may be pricey
to install, the long-term benefits of having an on-campus university compost facility are
numerous. Goldstein and Coker (2020) surveyed leaders in the national and regional compost
industry asking whether trends seen in 2019 will continue in the next decade. Overall,
stakeholders in every region of the United States has positive updates and most reported to
expect an increase in popularity and trends in the future, although start-up funding for
composting in general seems to be hard to come by.
Clemson University has responded to the composting trend and has its own campus
compost facility located a few miles from campus. The group of people who operate this facility
have recently published a white paper entailing the various projects and innovations that have
been accomplished since the facility began. In fact, Clemson’s organics recovery food waste
capture per year has steadily increased over the past ten years (Clemson Organics Recovery
2020).
An overwhelming majority of consumers who responded to the consumer market survey
showed concern that the used peach bags be recycled or composted. Thus, the goal of this study
was to develop a system that could be useful for a backyard gardener and a large scale peach
farmer to easily and successfully use this method of composting. Sonoco Recycling was
consulted on whether or not these same bags used to grow peaches could be recycled and after
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they sampled the bags, it was determined that they could not recycle them due to the nature of
the waxy paper and small piece of iron. We hypothesize that these bags can be composted.
The objective of this experiment is to test several different methods of composting the
used fruit bags in order to find the best way to compost. This information will then be shared
with both commercial peach farmers and backyard growers so as to divert as much waste going
to the landfill and direct it to a compost pile.

Materials and Methods
The parameters of this entire experiment revolved around practicality. The used fruit bags
were collected during the harvest of summers of 2019 and 2020. This project took place at
Musser Fruit Research Farm in Seneca, SC and at Clemson Compost Facility in Clemson, SC. In
collaboration with David Haines, Composting and Biodiesel Manager, three methods for the
compost project were developed (control, static aerated and turned wing-row). Groups of 10 (g)
of used fruit bags were measured and placed in medium sized laundry mesh bags which were
labeled according to method. Figures 3A, 3B and 3C show the bags before during and after the
experiments.
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Figure 3A Fruit bags post-harvest and before composting.
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Figure 3B Laundry mesh bags from Experiment 1.

Figure 3C Laundry mesh bags from Experiment 2.
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Figure 3D Laundry mesh bags from Experiment 3.

This experiment was repeated three times and there were three replicates per treatment,
for a total of nine mesh bags (N=9) each with 10 grams of used fruit bags. The control group was
placed on the ground under peach trees at Musser Farm, and the other bags in the static aerated
or turned wing-row compost piles at the Clemson Compost Facility. The static method consisted
of a large pile of woodchips partially located underneath an old railroad bridge. Static aerated
means that this pile was left untouched throughout the entire compost experiment and there were
PVC pipes underneath the pile itself that let oxygen into the pile from the ground up. Turned
wing-row was a series of large piles of woodchips located in full sunlight with food scraps from
all the dining halls on campus at Clemson University. The mesh bags with the used fruit bags
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were placed in the first pile and left for two weeks, then moved to the sub-sequent pile every two
weeks.
The two compost methods used in this fruit bagging project both had a base of woodchips
collected from Clemson University’s main campus and food waste from the dining halls was
regularly added to the turned pile. The bags in the static aerated pile were buried six inches into
the pile and left to sit, every two weeks the weights were taken and the bags were visually
observed. This process was repeated twice throughout Fall of 2019 and into the early Winter of
2020. A third experiment was conducted in the Fall of 2020.
Every two weeks the turned wing-row was moved with a front-end loader and shifted to
another pile in the back. In contrast, the bags placed in the static pile were buried and only
displaced every two weeks to measure the weights. This cycle took a total of six weeks, every
two weeks the bags were weighed and visually inspected. The total time proposed for the
compost experiment was six weeks. The first experiment began in September 2019. Samples
were inspected and weighed, and pictures were taken every two weeks. After the six-week cycle,
the bags were buried in the same finished compost pile to cure and further decompose.

Results
The weight data collected throughout the progression of decomposition show that
weights of both treatments decreased over time when compared to the control. There was no
significant difference in recorded weights between treatments. Visual observations also indicated
that the treated compost piles were decomposing the used fruit bags much faster than the control
was. Color and texture of the bags was also recorded when taking weights. Two of these
experiments were successful and comparable as they showed similar results even though they
were conducted at different times over the span of one and a half years. Experiment two showed
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a new trend in a major decrease in weight of the control group. This could be explained by how
dry it was during the winter of 2019.
The static pile, unlike the turned pile, is left undisturbed whereas the turned pile is in fact
churned every two weeks with machinery. The average humidity in October 2020 was lower
than the value for 2019, and this can be linked with the shortage of rain in October 2020
(Weather Spark 2020). Rainfall was varied during each of the three experiments and was
recorded. There may be a correlation between the weights of the used fruit bags, the amount of
water the bags imbibed based on that amount of rainfall that occurred throughout the course of
the experiment, and the average level of humidity that was recorded during these three time
frames. The average humidity for Seneca, SC during the months of September drops from 63%
to 20% in one month. October continues to drop in humidity going from 18% to 3% throughout
the duration of the month. In November and December, the average humidity level drops from
3% to 0% (Table 3.1).
Table 3.1 Rainfall and humidity during the six-week cycle of each experiment.
Experiment
Rainfall (inches)
Average Humidity (%)
Date
1
5.45
12%
Fall 2019
2
5.42
1%
Winter 2019
3
1.37
10%
Fall 2020
Throughout each of the experiments, an average temperature for each treatment or
compost pile was maintained. The average temperatures for each are recorded in Fahrenheit
(Table3.2).
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Table 3.2 Average treatment pile temperatures.
Treatment

Average Pile Temperature (Fº)

Turned Wing-row

150º

Static Arated

140º

Week 2 Compost Experiment: After just two weeks in either of the compost piles, the
bags were heavier, darker in color, clumped together, and the piece of iron had begun to
breakdown. There was no visible change in color or texture for the control treatment (Figure 3E).
Week 4 Compost Experiment: At week four, the bags in the compost piles had lost their
wax film, were even more clumped together and had visibly shrunk in size (Figure 3F).
Week 6 Compost Experiment: By the end of week six, which concluded the timeline for
the experiment, the paper was dry and very brittle, dark in color, had shrunk down even more,
was crumbly in texture and there was a white fungus growing on what was left of the bags
(Figure 3G).
Post 6 Weeks Compost Experiment: After six more weeks of being buried, one of the
samples from the turned wing-row was buried in the back compost pile and left to further
decompose. Only physical and visual observations were made after another 6 weeks. At week
twelve, the used fruit bags had grown a white mold and almost completely decomposed (Figure
3H).
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Figure 3E Slight discoloration of static aerated treatment at week 2.
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Figure 3F Bag from turned wing-row pile at week 4. Dark in color, visibly smaller.
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Figure 3G Control pile at week 6; no notable changes in color or texture.
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Figure 3H Fruit bags growing white mold and almost completely decomposed at week
twelve, having been buried for another six weeks post-harvest.
These bags were almost but not quite fully decomposed within the six weeks of the
experiment and were put in a dryer and dry weights from each sample were collected (Tables
3.2, 3.3 and 3.4).
Table 3.3 Experiment 1 average dry weights (± standard error) measured in grams. N=8.
Experiment

Treatment

1
1
1

Turned wing-row
Static aerated
Control

Average Dry Weight
(g)
2.31 ± 1.63
2.17 ± 0.82
9.23 ± 0.84

Table 3.4 Experiment 2 average dry weights (± standard error) measured in grams. N=8.
Experiment

Treatment

2
2
2

Turned wing-row
Static aerated
Control

Average Dry Weight
(g)
0.27 ± 1.3
0.66 ± 1.0
12.81 ± 0.44
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Table 3.5 Experiment 3 average dry weights (± standard error) measured in grams. N=6.
Experiment

Treatment

3
3

Turned wing-row
Control

Average Dry Weight
(g)
1.61 ± 1.07
12.08 ± 0.67

Although there was not a significant difference in average weight between the static
aerated and turned wing-row piles for experiments one and three with p-values of 0.67 and 0.38
respectively, experiment two was statistically different when comparing treatments with a pvalue of 0.0014. The control maintained an average close to the original ten grams that was
measured at the beginning of each experiment. Based on visual observations, bags from the
turned wing-row pile seemed somewhat slower to decompose than the static pile. Overall, it took
six weeks for the treatments to almost fully decompose the bags, and another six weeks for bags
to decompose completely when buried in a compost pile. The control treatment did not show any
signs of decomposition throughout the duration of the experiment.

Discussion
There are companies that produce and sell low waste products such as compostable
silverware to restaurants, airports, large venues, and universities. The low waste, compostable
products are designed to easily and quickly break down in the compost pile which not only
speeds up the entire process, but saves the compost facility time and money. Clark (2014)
conducted a study with the help from a compost facility called Green Mountain Compost. This
study tested the breakdown of several different brands of compostable silverware over time. At
the end of the trial, more than half of the different brands of compostable silverware were almost
completely disintegrated into the compost pile. Composting may seem like a relatively involved
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answer to America’s waste problem, but pair it with innovative thinking and it could be a longterm solution to a monumental problem.
According to a fact sheet from the Environmental Protection Agency (2017), municipal
food composting programs are already very popular in Europe, and are starting to spread across
cities in the U.S. This is expected to result in large amounts of organic matter amendments in the
next 20 years that could be used in agriculture. As municipalities upgrade waste-water treatment
systems and implement food waste recycling programs, and public opinion and legislation
discourages disposal of organic materials in landfills, composts are projected to become
increasingly available for agricultural use.
The practice of using fruit bags on peaches and composting the used bags could
positively impact the farmer both agriculturally and economically. It is possible that both large
and small fruit production farmers will be able to implement a simple method of composting on
their fruit farm thereby improving the soil health. Because the bags used to grow the peaches are
made from paper and a thin wax film and a short piece of iron, the sun, rain and other outdoor
elements begin the break down process and after just one season and are a brittle unable to be
used again, and are usually discarded after harvest or left under the fruit trees to decompose
along with the leaves. Based on the results from the control in each of the compost experiments,
it is likely that bags left unattended in the orchard could take much longer than three months to
fully decompose. An increased marketability of the peach that was grown in a bag which was
later composted may positively impact the farmer’s economic sustainability.
These white paper bags can be seen from the road and possibly misinterpreted as trash in
the orchards which may have a negative impact on consumer perception of southeastern peaches
and production systems, especially for farms that depend on agritourism. Improved consumer
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perception may even contribute to a higher volume of sales especially for roadside produce
stands. According to previous research, it can prove challenging to keep a farm operating based
on economic viability (Kuehne 2013). The modern day farmer cannot afford to lose any potential
business let alone potential consumer misconception of trash in the orchard. By collecting the
used bags during or just after harvest, they will no longer be an eye sore to anyone who sees the
orchard either up close or from a distance.
Not only do these fruit bags provide a viable solution for growing fruit in humid climates,
our experiment results showed that the bags can easily be composted in a relatively short amount
of time. With minimal effort and space, results indicated that these bags can be composted within
twelve weeks. This compost could then be put back into the garden or field as an amendment.
Mangan et al. (2020) have a detailed analysis of essential nutrients that are needed for overall
soil health. If composting is done correctly, meaning there is a balance of food waste, a source of
carbon such as paper scraps or woodchips, then the compost will contain the valuable essential
nutrients that plants need to be healthy and produce fruit. Nitrogen, potassium, and carbon are a
few nutrients that are made available through the decomposition of organic matter that we call
compost.
All three compost experiments were successful in showing that these used fruit bags can
easily be composted during a relatively short amount of time. In any case, burying the used fruit
bags in a pile of woodchips for three months proved to be the quickest and most successful
method of composting. The control replicates of this experiment consistently showed that the
bags took on weight (mostly likely due to rainfall) but did little else. Unfortunately, throughout
these three experiments at least one sample was lost in the pile at some point during the six week
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process. However, due to the nature of compost and decomposition, these lost used fruit bags
were most likely completely decomposed within the larger pile.
The composting of these bags is not only possible, but affordable, low-input, fast, and
successfully diverts all waste associated with the horticultural practice of bagging fruit from the
landfill and turns them into compost which may later be used as a field amendment for increased
future fruit production.

Conclusions
Farmer’s Market Consumer Surveys. To conclude the farmers’ market survey, it can be
said that consumers across the United States show interest in peach production. Although most
consumers prefer the cheapest option, national data from 2020 showed that individual consumers
are willing to pay more per pound, $0.74 and $0.75, for both an organic and bagged peach
respectively.

Backyard Growers National Survey. The backyard growers survey concludes that the
horticultural practice of growing fruit in paper bags in several different climates can be fruitful.
Consumers in more humid and warmer climates had higher pest and disease pressure than arid
climates, and the pest that these bags offered no protection from were squirrels.

Compost Experiments. In conclusion, the compost experiment using fruit bags was largely
successful; within three months the bags were fully decomposed. The two treatment methods
proved to decompose the bags at a similar rate with no significant differences. Therefore the best
method to compost these used fruit bags was to put the bags in any compost pile with a base of
woodchips and balance of food scraps for three months and let nature do the work.
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APENDIX A
Clemson Instructional Users Guide for Fruit Bags
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